The scope of the paper is the problem of the economic effectiveness of the construction project from the contractor's point of view. The two main construction contract types are taken under consideration: the unit price contract based on the bill of quantities and the lump sum contract. The net present value (NPV) is adopted in this paper as the basic economic efficiency criterion of the construction project. The NPV of the project for the contractor is calculated here as the sum of all future monthly contractor's cash flows (both incoming and outgoing) discounted by using the monthly cost of contractor's capital invested into the project. For the cash flow calculations, two basic payment methods are considered, depending on the type of the contract: the monthly payments in the case of the unit price contract and the payments for the WBS (Work Breakdown Structure) billing elements in the case of the lump sum contract. The contractor's monthly cash flow analysis also makes it possible to determine the monthly cash requirements for the contractor to finance the works each month and the total cash requirement to finance the project as the whole. This allows the contractor to correctly plan the financing of the project depending on the type of contract and the payment method. Moreover, using the optimization techniques known in the scheduling theory, for example based on the priority rules as in the case of the RCSP, one may try to improve the economic effectiveness of the project or to lower the cash requirement for the project. However, as shown by the authors, it does not have bring the expected results in the case of the lump sum contract.
Introduction
Among many forms of remuneration of contractors, the most common practice on the Polish market is to conclude contracts for construction works aiming at constructing new buildings either based on lump sum system or cost reimbursement contracts-bill of quantities contracts. Currently lump sum contracts are more commonly used. This is due to the widespread belief that this form of financing is safer for the client. The economic effect of the application of the lump sum remuneration affects the profitability of construction projects from the contractor's point of view, and thus the way in which it influences the market prices for construction services. Construction services should be understood as both typical contracts and also "turn-key" projects which include design works, not directly related to construction works.
A commonly used profitability measure of the project is the economic value determined by NPV (Net Present Value), calculated on the basis of discounted cash flow streams. This topic was discussed by many researchers [1, 2, [4] [5] [6] 11] . These studies provide valuable information on the influence of factors limiting financial resources available to the contractor. Authors formulated and addressed the problem of maximizing the NPV despite the restricted availability of funds required to finance the contract in between invoicing periods [8] [9] [10] [11] . The effectiveness of generic algorithm method in solving this type of optimization tasks has been also assessed. What was not compared so far is the economic effect of adopting a specific form of remuneration. The authors of this paper assume that the lump sum contracts are less favourable because their primary effect is a significant increase in the cost of the construction project. This assumption is based on the approach to optimize and maximize the NPV and stabilize cash flows, depending on the form of remuneration. Au-thors prove, based on a numeric example, that such differences actually exist and when choosing a form of remuneration, one should take into account various parameters, not just the client's convenience due to a questionable reduction of risks and the presumed fixed price of the works.
The paper assumes a fixed amount of works, as well as a diversity of forms of remuneration and settling the cost of construction works. The cost estimate calculation is based on monthly accounting and payments, and in the case of lump sum contracts, payments would be made upon completion of agreed stages of the project and types of construction works. The calculation model takes into account maximizing the NPV parameter despite limited financial resources, and a variety of payment models (monthly, after completion of stages and work packages) that are considered in cash flows financial tables. A probability of modification in the quantity of works up to +−5%, described by triangular probability distributions, was also taken into consideration. The effect of such modification was simulated and assessed in terms of its influence on the contractor's monthly demand for financial resources. This affects the risk margin included in the calculation of the procurement offer by the contractor, resulting with a higher price for construction works in case of the lump sum contracts financial model. For the contractor, it is a security measure of sorts included in the offered price, covering the possibility of financial losses resulting in a more expensive contract for the client when lump sum is considered.
Calculation of financial parameters of construction project
As the project progresses, the contractor spends periodically the funds dedicated to covering the direct and indirect costs of construction works, and receives instalments for selling those works according to the agreed plan. The difference between the incomes and the expenditures, settled at the end of every time period, constitutes the cash flow for this period.
In case of bill of quantities contract, settlement of works is made at regular intervals, most often at the end of each time period. This means that at the end of a given time period the contractor issues an invoice to the client, based upon the total cost of works performed in this period. Due to the fact that administrative procedures take time, this amount becomes an income at the end of one of the future time periods. If administrative procedures take no more than the length of a time period, cash flow in time period n equals:
where: n -a number of a given time period, IFn -contractor's incomes within time period n due to client's payments in this period, OFn -expenditures incurred by the contractor within time period n.
It is assumed here that the contractor pays his obligations on time, therefore the expenditures incurred within the current period equal the total cost of construction works executed in this time period. The incomes within time period n equal estimated value of construction works executed in time period n-1:
where: W p(n−1) -value of work p, executed time period n-1, {A(n-1)} -subset of works executed time period n-1. It is common practice in construction industry that a time period is represented by one month.
In the case of a lump sum contract, the regularity of payments is not obvious. The amount of work done (e.g. the volume of excavations) is not measured. If only the client is able to assess the percentage of completion of works, then payments can be made periodically on the monthly basis. However, the percentage assessment of the progress of works is very unreliable. Therefore, it is assumed here, that payments in a lump sum contract are made irregularly, only after completion of specific work packages, independent in technical or functional terms. These packages are called billing elements here. This means that in case of considered lump sum contract, the contractor bears costs each month, but an invoice may be issued only after the final completion of a given billing element. Since the billing elements form parts of the whole construction project, this payment method is denoted here as partial payment. Monthly cash flow in a lump sum contract is calculated as the difference between monthly incomes and monthly expenditures. However, in a given month there may be no incomes, until a given billing element is completed.
The value of a monthly cash flow CFn may be positive or negative. The positive value of CFn, marked here as CF 
Economical value of a construction project for the contractor
The economic value of construction projects for contractors comprises of a sum of discounted cash flows (NPV), calculated as current value of cash flows reduced by the expenditures incurred for their acquisition:
where: CFn -cash flow at the end of current time period (month); n -number of consecutive period; N -number of periods within duration of the whole project; r -assumed return ratio of contractor capital (decimal).
The optimization problem
It is assumed here that the goal of optimization lies in designing two variants of construction schedules, providing alternatively:
-the maximization of the economical value of the project for the contractor, -the minimization of the contractor's monthly demand for funds to finance the works.
Elicited schedules must consider technological relations between works and requirements related to deadlines agreed with the client. They also must assure profitability of a project for the contractor. Limitation of usage of renewable resources is omitted.
Objective functions:
• Maximization of economic value of the project:
• Minimization of monthly demand for funds:
Constrains:
• construction begins in assumed zero time:
• no task can start before finishing of its predecessors:
• the project cannot finish later that on agreed with client deadline:
• economic value of the project cannot be negative:
In order to reduce the demand for funds, deconcentration of works should be considered.
This can be achieved in two stages, determining in the first stage the order of execution of works using a given priority rule, and -in the second stage -the final start and finish dates of non-critical works, taking into account their time slacks.
As a result of using a selected priority rule, planned date of starting work i, which has lower priority, will be delayed in relation to its earliest starting date, resulting from a technological interdependence between works. This delay is caused by the fact that the original set of direct predecessors of task i, will be expanded by a specific task, that according to the agreed priority rule, gained priority in resource allocation over work i. Therefore, new organizational relations are added in the network model of the project. However, the existing technological relations have to be taken into account. Therefore, the final sequencing of tasks may differ significantly from that obtained directly upon sorting tasks according to a given priority rule.
It is worth noticing that if K is a number of all possible additional relations agreed upon the selection of a priority rule, then the number of all possible results in the first stage of optimization equals 2 K . In order to determine which additional relations are sufficient in order to obtain the optimal solution under the assumed constrains, binary variables x k are introduced, describing:
-for x k = 1: the need of introducing additional organizational relation regarding predecessing and succession of works -for x k = 0: lack of such necessity.
In order to generate values of binary variables x k and finding an optimal solution, metaheuristic algorithms can be used, working according to the chosen strategy of searching K-dimensional range of results. As a representation of results of calculations in the form of construction schedule, a commonly used schedule generator in MS Excel software can be utilized, showing terms of for all the works with the network analysis model.
Calculations start with primary sequencing (sorting) of all tasks according to the selected priority rule. Such sequencing shows the workflow of the project realized with the use of the method of consecutive execution (activity after activity). Primary sequencing takes under consideration technological relations between tasks, resulting in a new order of works, differing from the initial plan.
When analyzing the final sequence of works, additional organizational relations (predecessor-successor) are introduced. The next step consists of using selected calculation algorithm in order to obtain the result of the analyzed case, i.e. a list of necessary additional relations, which under constraining conditions, are necessary for minimizing monthly demand for funds or maximizing the economic value of the construction project.
Numerical example
The project is represented by the Activity-on-Node network with finish-to-start relations with the first node indicating the beginning and the last node representing the finish of the project, Figure 2 . Dummy activities i = 1 and i = 16 indicate the start and finish of the project.
The project deadline is T = 12 months from the beginning of works. It is assumed, that works will start as soon as possible. The project schedule data are given in Table 1 . Day means work day. Figure 3 depicts the resulting project baseline schedule. The time unit here is one work day. For the financial analysis it is assumed, that there is 21 work days/month, indirect cost for contractor is 5900 PLN/work day and profit is 7% of total costs (sum of direct and indirect costs). Assumed return ratio of contractor's capital is r = 0,83% per month. Since the duration of the project before optimization is 137 work days (≈ 7 months), the total indirect cost before optimization is 808300 PLN. The indirect cost ratio is then 808300/4005019 ≈ 0,2018. Resulting financial data for the bill of quantities contract are given in Table 2 .
For the lump sum contract, the work items listed in Table 1 were allocated to six bill elements, as shown in TTable 3. Financial data are based on those given for the work items in Table 2 .
In the case of lump sum contract, if payments are made only after a given billing element is completed (as assumed here) and if the client's administrative procedures take no more than one month, then: -the payment for the billing element I. Substructure is made in month 3, -the payment for the billing element II. Structure is made in month 7, -the payment for the billing element III. Installations is made in month 7, -the payment for the billing element IV. Finishes is made in month 8, -the payment for the billing element V. Facade is made in month 5, -the payment for the billing element VI. Terrain is made in month 6.
Results of financial analysis for the baseline schedule are shown in Table 4 Note that the actual quantities of works may differ from those known at the moment of contract cost and financial parameters analysis. This will influence the actual values of contract's financial parameters, which may vary from those given in Table 4 . The Monte Carlo simulation was carried out to assess the size of these possible variations.
It was assumed that the quantities of works are random variables with triangular probability distributions. The most probable value of a given random variable was equal to the base value, i.e. to the quantity of a given work known at the moment of contract cost and financial parameters analysis. The range of variability of a quantity of each work was set as +−5% of its base value. The number of simulations was 100000. The results are given in Table 5 . Sample simulation reports for the bill of quantity contract are depicted on Figure 6 . Suppose now, that the optimization of financial parameters of construction project in case of a lump sum contract is considered, with the use of 6 selected priority rules: 1) priority for works with higher direct cost; 2) priority for works with lower direct cost; 3) priority for works with shorter total slack; 4) priority for works with earlier starting time; 5) priority for works with shorter duration; 6) priority for works with longer duration.
Results of the maximization of project NPV are given in Table 6 . The best solutions are obtained with Priority rules 1 and 4. Solution obtained with priority rule 1 con- sists in introducing additional dependence between activities 13 (predecessor) and 14 (successor). Figure 7 depicts the resulting project schedule. Figure 8 depicts the resulting curves of contractor's cumulative expenditures, client's cumulative payments and contractor's cumulative cash flow. The solutions of optimization are as follows:
-for the Priority rule 1: additional dependences between activities 13 (predecessor) and 14 (successor), -for the Priority rule 2: additional dependences between activities 4 (predecessor) and 8 (successor), 11 (predecessor) and 7 (successor), -for the Priority rule 3: no solution with respect to the deadline T = 12 months, -for the Priority rule 4: additional dependences between activities 2 (predecessor) and 8 (successor), 8 (predecessor) and 3 (successor), 12 (predecessor) and 6 (successor), 7 (predecessor) and 11 (successor), -for the Priority rule 5: additional dependences between activities 9 (predecessor) and 5 (successor), 11 (predecessor) and 14 (successor), -for the Priority rule 6: additional dependences between activities 3 (predecessor) and 8 (successor), 9 (predecessor) and 5 (successor), 10 (predecessor) and 11 (successor), 11 (predecessor) and 13 (successor). Results of the minimization of CFmax are given in Table 7. The best solution is obtained with Priority rule 4. Figure 9 depicts the resulting project schedule. Figure 10 depicts the resulting curves of contractor's cumulative expenditures, client's cumulative payments and contractor's cumulative cash flow. 
Conclusion
The results of the numerical example indicate, that the financial parameters of the considered construction project are more beneficial in the case of the bill of quantities contract, than in the lump sum contract with the partial payments based upon the billing elements.
The economic value of the project, calculated on the basis of the baseline schedule, is comparable for both contracts (NPV = 284 147 PLN for the bill of quantities contract and NPV = 224 763 PLN for the lump sum contract). However, the maximum monthly requirement for funds CFmax = 1 333 255 PLN is almost three times higher, and total demand for funds TCF = 3 783 269 PLN is approximately two times higher in the case of the lump sum contract, compared to the bill of quantities contract (CFmax = 442 785 PLN and TCF = 1 973 426 PLN). This outcome did not changed upon the optimization of the schedule for the lump sum contract under chosen priority rules. In the case of maximization of NPV, the economic value of the project NPV = 224 945 PLN after maximization did not differ significantly from this calculated on the basis of the baseline schedule. The duration of the project remained unchanged. In the case of minimizing the monthly demand for funds, the value of CFmax = 721 229 PLN for the best solution reduced twice compared to the value before optimization CFmax = 1 333 255 PLN. This reduction is the result of the strong deconcentration of works obtained on the basis of rule 4, causing the elongation of the project duration from 137 to 171 days (i.e., about 25%). However, the reduced value of CFmax is still approximately twice higher, than the value of CFmax = 442 785 PLN for the bill of quantities contract, calculated on the basis of the baseline schedule. Moreover, for this solution for the lump sum contract, NPV drops drastically from 224 763 PLN to 18 113 PLN. This is the additional result of the elongation of the project duration, causing long periods of work without receiving payments for the completed billing elements.
The lump sum contract with the partial payments based upon the billing elements proved to be unfavorable for the contractor also in the case of small, random changes of quantities of construction works. The variability of a quantity of each work within the range of +−5% of its base value caused the variability of the economic value NPV of the lump sum project within the range from 97 265 PLN up to 366 407 PLN. The remedy could be the schedule of monthly payments, prepared by the contractor perhaps on the basis of optimization.
